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Introduction hedenbergite and 0.6 vol% perovskite. The Type

Type C (plagioclase-Ca-pyroxene-rich) is C inclusion contains less spinel (17 vol%), but
one of common Ca-Al-rich inclusions in CV3 more anorthite (40 vol%) and Ca-pyroxene (42
chondrites, and likely crystallized from melts[1]. vol%) with minor melilite and feldspathoids.
Wark[1] proposed that the melts directively Except for the high spinel-content ebmpact
condensed from the gaseous nebula under highASls, the modal compositions of ASIs are similar
pressure conditions §#® ~ 1 atm) or with high  to that of Type C in CV3 chondrites[1]. The
dust/gas ratios. Beckett and Grossman[2] Ninggiang Type C inclusion has a lower ratio of
suggested that Type C could be related with Typeanorthite/Ca-pyroxene (<1) in comparison with
A (melilite-rich) inclusions through alteration of that of CV3 chondrites.
melilite and partly spinel in the solar nebula We also measured bulk compositions of
based on the bulk compositions of both types.ASls and the Type C inclusion using the broad-
However, such unmelted alteration assemblagebeam of electron microprobeCompact ASls
were not reported. In the Ninggiang meteorite, ancontain 22.9-24.4% Si§) 44.5-46.5% AJOs3,
anomalous carbonaceous chondrite[3, 4, 5, 6], wel3.1-13.5% MgO, 14.1-15.2% CaO, 1.0-1.1%
reported a new kind of anorthite-spinel-rich TiO,, 0.1-0.2% CsOs3, 0.9-1.2% FeO, and 0.2-
inclusions referred as to ASI[7], and a Type C 0.6% NaO. Fluffy one contains higher SjO
inclusion[8]. One of the ASIs is a‘l_uffy _ (30.9%), CaO (17.8%), FeO (2.8%) and,Na
assemblage of numerous small concentric gralns(1_4%), lower ApOs3 (35.1%) and MgO (10.1%),

consisting of spinel, anorthite and Ca-pyroxene. - .
It also gcontai%s many large spineFI)-)r/mduIes and similar TiQ (1.5%) and GiOs (0.1%). The

rimmed by melilite and/or anorthite and Ca- differences, especially for FeO and Xa
pyroxene in the center, and is covered by abetweencompactandfluffy ASIs are mainly due
melilite-spinel-crust. The other ASlIs are the samet0 more abundant low-temperature alteration
of thefluffy one except for a compact texture with products of the latter. The Type C inclusion
well defined spinel-nodule core. Petrography and contains 37.8% Sig&) 27.5% AbOs, 9.4% MgO,
mineralogy suggest that the ASIs were not 19.7% CaO, 1.3% Ti® 1.2% CpOs, 2.1% FeO
molten. The Type C inclusion consists mainly of and 1.4% Na@ Figure 1 shows the bulk
anorthite, fassaite and spinel with minor compositions, demonstrating the  similarity
feldspathoids, hedenbergite and melilite, and petween ASI and Type C inclusions.

shows sub-ophitic texture. The petrographical Wark[1] indicated that Type C inclusions
and mineralogical description of ASI was have not been significantly evaporated because
reported by[7]. Here, we show close genetic their bulk compositions were critically different
relationships between Type A, ASI and Type C from the evaporation experiment residues, and

inclusions. some Type C inclusions displayed mass-
_ dependent fractionation favoring the light
Evidences for ASI as precursors of Type C isotopes of Mg. However, condensation of the
inclusions liquids of Type C inclusions in the solar

~ Compact ASIs consist of 44-47 vol% nebula[l] seems unlikely based on the recent
spinel, 31-33 vol% anorthite, 12-16 vol% Ca- condensation calculation of CaO283-MgO-
pyroxene and 6-8 vol% melilite with minor SiO, liquid[9]. Since the bulk and modal
sodalite, nepheline, hedenbergite and perovskite.Comloositions of ASIs are the same as Type C
Modal composition offluffy ASI is 22 vol% inclusions, we propose that Type C inclusions

spinel, 31 vol% anorthite, 29 vol% Ca-pyroxene, . B : :
9.4 vol% melilite, 7 vol% feldspathoids, 2 vol% crystallized from liquids by melting ASIs which
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formed through alteration of Type A inclusions as were melted in the solar nebula and crystallized

discussed below. into Type C inclusions.
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coexistence, the alteration reactions are proposed

as below:
o Al ASI
2CeAI2SI07 (Geh) + MgAbO4 (SP) + 6SI () = ) 5
3C3A|28|208 (An) + CaMgSgOa (DI) their pre-alt(e‘:fgoa;ssemblages 90 @ TypeC
80 ¥t pre-altered ASI
2CepMgSip07 (Ak) + MgAI204 (Sp) + 4SiQ (g) = 0 i O pre-altered Type C
CaAbSioOg (An) + 3CaMgSpOg (Di) . ¢ ./
Given all anorthite was formed by the = #
above reactions and the melilite has an average 4 %)
composition of Gefg in ASIs, primordial » L7/
compositions of the ASIs before the reactions can . /B//
be calculated, which are plotted in Type A range o
in Figure 1. Modal compositions of the 10 [ Qi

precursors of ASIs can also be calculated to be LS

61-64 vol% spinel, 33-34 vol% melilite and 2-8 Mel Tt 2 0 @ 0 w0 % s % Fo
vol% Ca-pyroxene for those afompactASils, ) I )
and 36 vol% spinel, 41 vol% melilite and 23 Fig. 1 Bulk compositions of ASIs and their
vol% Ca-pyroxene for that ofluffy one. The pre-altered assemblages are pIott_ed in j[he ranges
precursors of ASls show high content of spinel, of Type C and Type A inclusions in CV3
but the melilite/Ca-pyroxene ratiosompactAS| ~ chondrites, respectively. A Ninggiang Type C
>5.3, fluffy one ~1.8) is within or close to the inclusion and its pre-altered assemblage are also
range of Type A and distinguished from that of Shown for comparison.

Type B and C[1]. Hence, we proposed that ASls

formed by high-temperature alteration of spinel-

rich Type A inclusions in the solar nebula.

Conclusions
Some Type A inclusions, especially the
spinel-rich ones, probably experienced high-
temperature alteration and formed the anorthite-
spinel-rich inclusions (ASIs). Later, some ASIs



